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Abstract 
We have experimentally investigated the optical effect on the transport properties of superconductor-semiconductor-
superconductor (S-Sm-S) junctions composed of a two-dimensional electron gas in a GaAs/AlGaAs heterostructure and NbN 
superconducting electrodes. Illumination at O = 800 nm onto the whole junction area increases Andreev reflection (AR) 
probability at S-Sm interfaces. To explore this origin, we performed scanning photovoltage measurements by using an optical 
microscope. The obtained image plots of the photovoltage show that the illumination brings about the photovoltage at the S-Sm 
interfaces. This result implies that the illumination modulates the barrier height between S and Sm, which results in a modulation 
of AR probability. 
PACS: 73.50.Pz; 73.63.Hs; 74.45.+c 
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1. Introduction 
Transport properties of superconductor-semiconductor-superconductor (S-Sm-S) junction have been widely 
investigated for many decades and full control of the supercurrent by the gate voltage has been demonstrated 
successfully [1, 2]. On the other hand optical effect on the superconducting properties has led little attention. In 
1960’s, Giaever performed an experiment on the optical effect in an S-Sm-S junction using CdS as a photosensitive 
semiconducting layer and showed that Josephson current is switched on as a result of illumination [3]. Thirty years 
later, Schäpers et al. demonstrated that light exposure onto an S-Sm-S junction with a two-dimensional electron gas 
(2DEG) in an InGaAs/InP heterostructure modulates the supercurrent flowing through the junction due to an 
increase in the sheet carrier density (NS) of the 2DEG [4]. However, a recent paper suggests that optical modulation 
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of the potential barrier at the S-Sm interface has more critical influence on the junction’s superconducting properties 
than the optical NS modulation [5]. This is very important if we consider the interplay between the spin-aligned 
carriers and Cooper pairs at the S-Sm interface [6]. 
In this paper, we report on the optical effect on the transport properties of S-Sm-S junction composed of a 2DEG 
in a GaAs/AlGaAs heterostructure and NbN superconducting electrodes. Homogeneous illumination onto the whole 
junction area increases Andreev reflection (AR) probability at the S-Sm interfaces and reduces the normal-state 
resistance RN due to an increase in NS. Local illumination measurements reveal the potential barrier existing along 
the S-Sm interfaces. These results indicate that the illumination modulates the barrier height between S and Sm, 
which gives rise to an increase in AR probability. Our experimental observation supports the previously reported 
interface barrier lowering by the illumination [5]. 
2. Experimental 
Two samples were studied: one was a 100 Pm wide, 1 ȝm
long S-Sm-S junction formed by a 2DEG in a GaAs/AlGaAs 
single heterostructure and NbN superconducting electrodes, 
and The other was a 100 ȝm wide, 8 ȝm long junction made 
on the same semi-insulating GaAs wafer. Electron density 
(NS) and the mobility of the 2DEG was 7.36 × 1011 cm-2 and 
183,000 cm2/Vs, respectively. Ohmic contact between NbN 
and the 2DEG is obtained by an insertion of AuGeNi layer 
and an annealing process. By annealing, the diffusion of Ge 
creates a heavily doped region, which reduces the Schottky 
barrier width and allows current to flow through the barrier 
by tunneling. Details of their fabrication process and 
additional information on the mechanisms of ohmic contact 
formation can be found elsewhere [7, 8].  
First, we performed position independent illumination 
measurements. The differential resistance-bias voltage 
(dV/dI-V) characteristics of the 1 ȝm junction was measured 
under a homogeneous illumination at Ȝ = 800 nm or at 1.55 
eV, which is greater than the bandgap energy at the 2DEG. 
Differential resistance was measured using a low noise 
Figure 2. Differential resistance-bias voltage 
characteristics of the 1 ȝm long junction (a) with or 
(b) without illumination at Ȝ = 800 nm at T = 2.9 K. 
These curves are not vertically shifted. 
Figure 1. Experimental set up for 
the local illumination measurement 
is show in (a). (b) shows a CCD 
camera image of the 8 ȝm junction. 
A small white dot indicated by 
arrow is a focused laser spot. 
Schematic sample structure is 
shown in (c). 
(a)
(b) (c)
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amplifier and two lock-in amplifiers.  
Next, we performed scanning photovoltage measurement (position dependent illumination measurements), where 
the voltage change across the 8ȝm junction by illumination was measured by scanning a focused laser spot on the 
surface of the sample. Figure 1 shows schematics of our experimental setup for this scanning photovoltage 
measurement. A light from continuous wave Ti-sapphire laser, modulated with an optical chopper at a frequency of 
159 Hz, was guided into an optical microscope through a single-mode optical fiber and was focused to a 2 ȝm-
diameter spot with a ×10 objective lens with an N.A. of 0.26. Photovoltage was synchronously measured with the 
chopped laser light as a function of the laser spot position at a bias voltage V = 0.5 mV. Scanned area is shown as a 
white square in the inset of Fig.1, which was approximately 128 ȝm × 128 ȝm. 
3. Results and Discussions 
Position independent illumination measurement 
Figure 2 shows dV/dI-V curves of the 1ȝm long junction (a) with and (b) without illumination at Ȝ = 800 nm. The 
8 ȝm long junction also shows qualitatively similar dV/dI-V characteristic. A decrease in the resistance within V ~ ± 
5 mV, which corresponds to 2ǻNbN, indicates that the superconductivity of NbN is induced in the 2DEG. Here, ǻNbN
is the superconducting energy gap of NbN. With illumination this reduction amplitude gets greater than that without 
illumination in terms of the ratio of the decrease amplitude to the normal-state resistance. This fact reflects that the 
illumination increases AR probability. We will mention this effect later. Normal-state resistance is also decreased by 
the illumination. This is because NS is increased by the persistent photoconductivity (PPC) originates from DX
centers in AlGaAs [9] as well as the optical excitation between the conduction band and the valence band at the 
2DEG. The PPC especially affects so significantly and persists so long (e.g. at least a few hours after turning off the 
illumination) that it almost obscures other optical effect in this measurement. 
Position dependent illumination measurement 
Optical effect, which has a shorter response time than PPC and responsible for the increase in AR probability, is 
investigated by synchronously detecting a voltage change (photovoltage) with an incident light at 159 Hz. Figure 3 
(a) shows an image plot of the photovoltage of the 8 ȝm long junction at V = 0.5 mV, at P = 50 ȝW, and at T = 4 K, 
where S (D) indicates source (drain) side of the superconducting electrode. As can be seen in the figure, the 
photovoltage change reflects the junction shape shown in Fig. 1 (a). Negative photovoltage is located along the 
source side of S-Sm interface. On the other hand, positive photovoltage can be seen along the drain side.  
The potential barrier between S and Sm is known to affect the junction’s electronic transport significantly [10]. 
Recently it was reported that the illumination lowers the barrier height at the S-Sm interface (contributing effect) [5]. 
Figure 3. Image plot of the 
photovoltage synchronously detected 
with the illumination at 159 Hz, at V =
0.5 mV, at P = 50 ȝW, and at T = 4 K 
is shown in. S (D) indicates source 
(drain) side of the superconducting 
electrode. Dashed line is a guide to 
eye indicating the position of the 
junction.  
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In this case, a negative photovoltage is expected because of a reduction in the junction resistance due to an enhanced 
superconductivity induced in the 2DEG. Our observation at the source side of S-Sm interface corresponds to this 
situation. But a positive photovoltage at the drain side suggests a different effect that degrades the transport 
properties of junction (disturbing effect). We speculate that although the same contributing effect occurs at the drain 
side, the disturbing effect exceeds it (see next experimental results and discussions). Note that a strong photovoltage 
can be seen at the sides of the source electrode. This photovoltage has nothing to do with the above discussion and is 
not our current interest since the 2DEG in this region is etched away in the fabrication process and only the NbN 
remains because of the misfit between them.  
We investigated the illumination power dependence of the photovoltage. The photovoltage under a low excitation 
power was so weak that it was difficult to measure the photovoltage with the same experimental condition. In order 
to detect the photovoltage with a sufficient signal-to-noise ratio, we applied the magnetic field (B) perpendicular to 
the 2DEG. In the magnetic field, a steep potential gradient is created around the contact, which could stimulate the 
photovoltage near the electrodes [11].  
Figure 4 shows the image plots of the photovoltage at B = 3.6 T, at V = 0.5 mV, and at T = 4 K. The illumination 
power is P = 6 ȝW and 25 nW for (a) and (b), respectively. As we mentioned above, the applied magnetic field 
results in a significant increase in the amplitude of photovoltage. At P = 6 ȝW, both positive and negative 
photovoltage can be seen along the source and the drain electrode interface. At P = 25 nW, although the positive 
photovoltage along the drain side of the S-Sm interface disappears, a weak negative photovoltage appears at the 
same place instead. This implies that only the contributing effect survives under a low illumination power since the 
contributing and the disturbing photo-effect have different illumination power dependence. This fact explains why 
we observed an increase in AR probability in the homogeneous illumination measurement (cf. the illumination 
power in the measurement for Fig. 2 (a) is as low as a quarter of the power in Fig. 4 (b) in terms of the excitation 
power density). We have qualitatively shown that the negative photovoltage is explained by the reduction of the 
barrier height by the photo-irradiation. A quantitative estimation of the barrier height from the photovoltage should 
be addressed in the future work. 
4. Conclusions 
We have studied optical effect on the transport properties of S-Sm-S junction. By illuminating the whole junction 
area homogeneously at Ȝ = 800 nm, we observed an increase in AR probability as well as a reduction in the junction 
resistance. An increase in NS, mainly due to PPC, results in the reduction in the resistance. To explore the optical 
effect that is responsible for the increase in AR probability, we performed local illumination measurements by 
synchronously detecting a photovoltage with a chopped laser light. The obtained image plots of the photovoltage 
Figure 4. Image plot of the photovoltage at V = 0.5 mV and at T = 4 K under a different illumination power, (a) for 
P = 6 ȝW and (b) for 25 nW. Note that we applied a magnetic field, B = 3.6 T, perpendicular to the 2DEG to detect 
the photovoltage under a low illumination power. Configuration of the source and the drain electrode is the same as 
Fig. 3 (a). 
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show a positive photovoltage along the drain side and a negative photovoltage along the source side, namely the 
disturbing and the contributing effects, respectively. By applying a magnetic field, we measured the illumination 
power dependence of the photovoltage. At the lowest excitation power, only the contributing effect survives, as 
these two effects have different excitation power dependence. These experimental results not only confirm the 
existence of the potential barrier at the S-Sm interface but also imply that the photo-irradiation modulates the barrier 
height. 
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